The recession that started in the United States in December 2007 has had a significant impact on the Spanish economy through a large increase in the unemployment rate and a long recession which led to tough austerity measures imposed on public finances. Taking advantage of this quasi-natural experiment, we use data from the Spanish Ministry of Health from 1996 to 2015 to provide novel causal evidence on the short-term impact of changes in healthcare provision and regulations on health outcomes. The fact that regional governments have discretionary powers in deciding healthcare budgets and that austerity measures have not been implemented uniformly across Spain helps isolate the impact of these policy changes on health indicators of the Spanish population. Using Ruhm's (Q J Econ 115(2):617-650, 2000) fixed effects model, we find that medical staff and hospital bed reductions account for a significant increase in mortality rates from circulatory diseases and external causes, but not from other causes of death. Similarly, mortality rates do not seem to be robustly affected by the 2012 changes in retirees' pharmaceutical co-payments and access restrictions for illegal immigrants. Our results are robust to changes in model specification and sample selection and are primarily driven by accidental and emergency deaths rather than in-hospital mortality, which suggests a larger role for decreases in accessibility rather than decreases in healthcare quality as impact channels.
Introduction
Medical and economic literature have prompted studies on the impact of economic crises on the health of the population, especially via two main channels [1] . First, some studies have analysed the evolution of health outcomes by associating certain periods with times of crisis and trying to establish whether these crises entail changes in the trend towards a reduction in mortality rates [2] [3] [4] . Second, other more ambitious works have sought to establish cause-andeffect relationships. Within this second group, there is a certain consensus that, when data are analysed at individual level, recessions seem to have pernicious effects on certain groups, (for example, the unemployed [5] or manual workers [6] ). However, when their effects are quantified using the unemployment rate or the aggregate fall in GDP, recessions are associated with better health outcomes. The procyclical nature of mortality has been found for instance for the United States [7, 8] , Germany [9] , Spain [10] , Europe [4] and OECD countries [11] , although this relationship is not so clear in the United States [12] . Many of these studies have explained this apparent contradiction by indicating improvements in the lifestyles of the general population during recessions [7] . A further group comprises works that have addressed the related topic of the evolution of health inequalities during times of crisis, documenting differences by educational level, work situation or income level [13] [14] [15] , concluding that the increase in health inequalities observed during recessions in the United States has not had a similar correlation in Europe [15] .
In the case of Spain and with regard to the recent economic and financial crisis, despite the lack of impact obtained in the first analyses [16] , studies analysing the evolution of mortality rates have identified a certain slowing down in the rate of decrease of mortality after 2010 [17, 18] . 1 The rest of the research has focused on analysing the relationship between the socio-economic consequences of the crisis and the health of individuals, often using selfperceived health instead of mortality rates as a health outcome. For example, Urbanos-Garrido and López-Valcarcel show the existence of a negative association between selfperceived health and being unemployed, above all, where long-term unemployment is concerned [19] . Maynou et al. document a greater increase in the risk of death in economically deprived neighbourhoods compared with more affluent neighbourhoods [20] . Likewise, other works show a positive correlation between self-perceived health and educational level, which is reinforced after the crisis with the corresponding increase in health inequalities [21, 22] . Finally, Gotsens et al. analyse the varying impact of the crisis on self-perceived health by nationality in Spain and conclude that the crisis worsened the health of immigrants in comparison with the native population [23] .
None of the studies consulted tested the hypothesis of the pro-cyclical behaviour of mortality for the Spanish case during the recent economic crisis. Nevertheless, Tapia-Granados and Ionides, using data for 27 European countries including Spain, conclude that recessions, on average, have had beneficial short-term effects on the mortality of the adult population over the last 20 years [4] .
In this context, it is curious that austerity policies have been considered as being responsible for a worsening of health in Spain and in Europe, both in academic circles [24, 25] , and among healthcare professionals [26, 27] and policy-makers [28] ; for two main reasons. On the one hand, as evinced above, and as stated by Lopez-Varcarcel and Barber [29] , everything indicates that it is the socio-economic consequences of the crisis (unemployment, poverty and uncertainty), rather than the austerity policies and spending cuts, that are behind the pernicious effects of the recession observed to date. On the other hand, to our knowledge, no rigorous studies have been undertaken related to the impact of austerity-driven changes in healthcare provision on health outcomes, either in Spain or in Europe. 2 From a theoretical point of view, we can think of at least two channels through which cuts in healthcare services may impact health outcomes: service quality and healthcare accessibility. Reduced provision may give rise to hospital congestion, lower hospital nurse/patient ratios, and increased hospital staff workloads, with the result of worse working conditions, possibly leading to lower service quality, including discharging patients before they are fully recovered and higher hospital readmission and in-hospital mortality rates [30] . 3 Cutbacks in healthcare provision may also impair access to healthcare: First, reduced healthcare resources may increase waiting lists and average waiting times for elective or semi-elective surgery, with the potential result of adverse health outcomes [31, 32] ; and second, when reduced healthcare spending involves hospital closures, increased travel times or distance to hospitals may lead to worse health outcomes, especially higher mortality rates in emergency situations [33, 34] .
With respect to changes in the quality of healthcare services after the crisis in Spain, the existing literature has highlighted the deterioration in the quality perceived by health workers themselves, basically due to cutbacks in human resources [35] , although to date there are no studies on other objective quality indicators such as readmission rates or in-hospital mortality rates. As for the accessibility of healthcare, there is only segmented information in relation to waiting lists. For example, it is known that in 2011, at the height of the crisis, Spain still had waiting lists similar to those of other countries (such as Sweden, New Zealand, Ireland and Portugal) [31] , although in Catalonia surgical waiting lists increased by 23% (17,000 people) within the first half of that same year, 2011 [36] . Finally, the work of Abasolo et al. concludes that the utilisation of public emergency services remained constant between 2006 and 2012 [37] , but it does not analyse changes in mortality rates in emergency departments.
In this paper, we study the short-term impact of changes in the provision of healthcare services and regulations exogenously imposed by budget cuts on health outcomes in Spain from 1996 to 2015, together with the potential channels through which decreased healthcare supply might have affected health outcomes. The austerity measures imposed by the financial needs of the state and regional treasuries during the recent crisis constitute a quasi-experimental variation in healthcare resources. Changes in healthcare provision and regulations are assumed to be exogenously determined by austerity measures and not driven by population needs. In particular, given that regional governments have discretionary powers in deciding healthcare budgets, our identification strategy is based on the time and cross-region variation in the data, including the different levels of implementation of national healthcare policies in different regions, 1 There is, however, some controversy over the interpretation of this result. The American Journal of Public Health retracted the work of Cabrera de León et al. [62] . This paper estimated a much greater increase in mortality after the crisis, because it used different population figures, as pointed out by Hernández-Quevedo et al. [63] and Regidor et al. [17] . 2 However, there is related literature, basically concerning the United States, on the causal impact of the expansion of coverage of public health insurance (Medicare, Medicaid and the so-called Obamacare) [64] and different healthcare reforms [33, 65, 66] on health outcomes. Our study is underpinned by an institutional framework of national health systems with universal coverage that is already established; that is, it falls within the European model, not the US model. and after controlling for the socio-demographic composition of the population and the effect of the business cycle.
The Spanish case is very interesting, because this country achieved a highly regarded level of hospital coverage that led to the country occupying a good position in the international health care rankings from the end of the twentieth century. 4 However, Spain was one of the western European countries, where the crisis had greater impact in terms of the unemployment rate (2012: 26%), population at risk of poverty (2012: 20.8%) and a rise in inequality. Meanwhile, austerity policies and budget cuts provoked a greater reduction in social expenditure as a percentage of GDP and maintained public healthcare spending per capita below the European average (2017: 2446 euros per capita compared with 2773 euros for the EU-28).
Our work contributes to the literature that relates health determinants to health indicators, estimating basically aggregate versions of Grossman's [38] health investment model [39] [40] [41] . In comparison with this literature, our study uses staff employed in hospitals and operational hospital beds as measures of healthcare provision, instead of using monetary measures of healthcare expenditure, thus avoiding the problems of comparing the purchasing power of monetary magnitudes across different regions. To our knowledge, our work is also the first analysis of the impact of health cuts motivated by the Great Recession on health outcomes in an OECD country which, along with indicators of healthcare provision, includes indicators related to changes in health policies such as the pharmaceutical co-payment and the access restrictions to the Spanish National Health Service (NHS) introduced in 2012.
The second section describes the institutional framework. Section three presents the data and estimating methods. Section four describes the results. Section five discusses the potential mechanisms explaining the main findings and section six presents conclusions.
Institutional background
In Spain healthcare services are provided universally through a National Health System publicly controlled and operated by public organisations and financed through taxes [42] . However, public healthcare coexists with a for-profit private sector that advocates a change of paradigm and increasing its participation in the national health system through accords and agreements. 5 From its inception in 1986, the system was a decentralised entity. Initially only the historical regions of Catalonia, the Basque Country and Andalusia had healthcare responsibilities and a centrally managed agency, the INSALUD, organised healthcare services in the remaining regions [43] . During the following two decades healthcare responsibilities were gradually transferred-devolved-to other regional governments [44] , and by the turn of the century, it could be considered 'a system of regional health services' [43] . 6 Spain officially entered into a recession in the last quarter of 2008, after gross domestic product shrank for two consecutive quarters. The austerity measures implemented from 2010 onwards particularly affected the Spanish public healthcare sector, which bore a disproportional share of the financial adjustment to the crisis [29] : whereas current total government spending fell by 6% between 2009 and 2014, public spending in healthcare dropped by 13% [45] . The first measures were horizontally applied across the Spanish regions and mainly affected staffing, through reduced wages and reductions in the rate of replacement of retired workers, and investments, through reductions in the purchase of new equipment and the closure of hospital wards. Given that regional governments have discretionary powers in deciding healthcare budgets, depending on their financial situation, different regions implemented this first set of government measures differently [46] . The second set of measures came in the form of a royal decree (Royal Decree Law 16/2012, of 20 April) and had two main implications [47, 48] . First, non-residents were denied access to healthcare services. We do not know how many immigrants were denied access to the NHS. 7 What we do know is that some regions adopted legislative or administrative measures to limit the application of the decree, and, depending on the region, illegal immigrants had either full access to the NHS 5 According to the data of the Encuesta de Presupuestos Familiares [51] . 6 The transfer of health care competencies to the autonomous regions followed the following schedule: 1981 (Catalonia); 1984 (Basque Country and Andalusia); 1987 (Valencia); 1990 (Galicia and Navarre); 1994 (Canary Islands); 2001 (Aragón, Asturias, Balearic Islands, Cantabria, Castile La Mancha, Castile León, Extremadura, La Rioja, Madrid and Murcia). 7 Data on illegal immigrant numbers are difficult to obtain. According to the Clandestino project there were around 280,000-354,000 irregular migrants in Spain in 2008 [69] . More recent estimates for 2018 give a similar number [70] . The reform required immigrants to have a legal residence permit with three exceptions: emergency care, pregnancy care and healthcare for individuals under 18 [71] .
or access restricted to emergency care [49] . Second, a set of cost-sharing reforms on pharmaceutical prescriptions was established. Pensioners were required to make 10% co-payments on their medications, which were previously obtained for free, with a monthly cap of €60; the required co-payment for non-pensioners increased from 40% to 50 or 60%, depending on income; and 417 medicines were excluded from the public subsidy [48] . Again the policies were implemented differently by different regional governments [48, 50] . 8 Budgetary constraints also reinforced a trend towards privatisation, especially in some regions, through the proliferation of accords and agreements for the provision of health services in an attempt to evade or delay budgetary commitments [29] . Moreover, public healthcare users adapted their behaviour by taking out more and more private insurance policies in addition to the public coverage [51] .
As a result of all these changes in investments and policies, regional disparities in public healthcare provision increased during the crisis. One may be tempted to think that the different implementation of healthcare austerity measures depended on the ideology of the regional government. On analysing a sample of 34 OECD countries from 1970 to 2016, Bellido et al., conclude that although in general "leftwing" governments are more likely to increase public spending in the healthcare sector, the onset of the Great Recession changed these relationships, neutralising the impact of political factors [52] .
Data and methods
This study uses data on healthcare indicators from the Statistical Site of the Spanish NHS merged to mortality rates and socio-demographic data from the Spanish Statistical Institute (Instituto Nacional de Estadística-INE) at the regional (autonomous community) level from 1996 to 2015. We have information on the 17 autonomous communities over 20 years (340 observations) merged at the region-year level. 9 The health outcome variables used in this paper are the overall mortality rate, sex-specific, cause-specific and sex and cause-specific mortality rates. We consider cause-and sex and cause-specific mortality rates for the four most common causes of death within the International Classification of Diseases (ICD-10) chapters. We consider Neoplasms (Chapter II), Diseases of the circulatory system (Chapter IX), Diseases of the respiratory system (Chapter X), and External causes (Chapters XIX and XX). 10 Figure 1 shows regional differences in total mortality rates over time ( Table 4 in the Appendix presents descriptive statistics for all outcome variables). There are marked differences in the levels of mortality rates across regions, probably due to population ageing in those regions [53] . At the same time, mortality rates tend to decrease over time, probably due to technological change [54] ; rates decrease more steeply before the onset of the recession, but there are notable differences across provinces. As can be seen, our empirical model needs to control for both population composition and general trends.
The analysis of cause-specific mortality rates requires comparing the 9th International Classification of Diseases (ICD-9), used between 1981 and 1998, and ICD-10, used since 1999. We use the correspondence between both classifications officially provided by INE. However, we use broad causes of death for which equivalence concerns are arguably smaller [12] .
Our main measures of healthcare provision are the number of operational hospital beds per 1000 inhabitants and the number of healthcare workers per 1000 inhabitants. Figure 1 also shows the geographical variation in each average indicator over time. Even if northern regions show higher levels of both hospital beds and healthcare workers before the onset of the crisis, austerity measures reducing healthcare provision did not follow any clear pattern. From 2012 onwards the cuts also involved access restrictions to healthcare of undocumented immigrants and increases in co-payments for drugs (see Sect. 2). As the policies were implemented differently by the different regional governments we also include dummies for these variables [55] . Table 5 in the Appendix presents descriptive statistics for our main independent variables.
To isolate the impact of healthcare supply changes we additionally control for the impact of the business cycle 10 We conducted the analysis for the following 3 most common causes but found no significant impacts. 8 Puig Junoy et al. estimate reductions in the number of prescriptions ranging from 23.9% in Catalonia to 3.8% in Basque Country in the first 12 months [48] . 9 We investigated the possibility of using healthcare data from the National Catalogue of Hospitals, available also from the NHS Statistical Site and amenable to provincial, instead of regional, disaggregation. Data on doctors and nurses was only available from 1995 to 2009, however. Moreover, in Spain, health policy was transferred to the autonomous communities from 1981 to 2002 [44] and is, therefore, decided at the regional level. Besides, as defended by Lindo [72] , given that our identification method is based on the withinlocation variation of healthcare provision indicators and mortality rates, potential spillovers could mean that more disaggregated analysis would severely understate the impact of healthcare provision on health outcomes. In addition, the potential problem of adverse patient selection emphasised by Gaynor et al [73] , which arises under medically driven migration, is also mitigated by the use of larger geographical units. Using the region of residence meant leaving a very small number of deaths (less than 0.5%) out of the analysis, involving non-residents and for which no information on population and economic controls could be attached. by including regional unemployment rates and per capita gross domestic product levels. We also include demographic composition controls including young and aged dependency ratios, and the share of the regional population who are immigrant, female, disabled, university educated, and aged 65 years old or over. To control for different paths in the devolution of health budgets to regional governments, we include a dummy for since when the devolution took place and an additional dummy for the two regions with full fiscal capacity: Navarre and Basque Country [56] . See definitions and summary statistics of controls also in Table 5 in the "Appendix".
Following Ruhm [7, 12] , we use the following regression equation:
where H jt is the measure of health (the log mortality rate) for region j in year t, HC is a vector of healthcare provision including the number of hospital beds and healthcare workers per 1000 inhabitants and the indicators for changes in the pharmaceutical copayment and the access to the National Health Service. X is a vector of time-varying controls. α j are region fixed effects that account for those determinants of deaths that differ across regions but are time-invariant (such as persistent lifestyle disparities between residents of Madrid and Andalusia). μ t are time fixed effects and hold constant determinants of death that vary uniformly across locations over time, especially widely spread advances in medical technologies. jt is the error term. 11 Since the supplementary time-varying state characteristics (X jt ) do not necessarily control for all time-varying determinants of death, we also include θ jt region-specific time trends. In this model, the impact of changes in healthcare provision is identified from within-region variations in mortality rates, relative to changes in other regions and after controlling for demographic and socio-economic characteristics, the business cycle, and region trends. Table 1 presents the results on the impact of changes in healthcare inputs and policy on the logarithm of mortality. Column 1 shows estimation results from estimating the model in Eq. 1 for general male-and-female mortality rates; columns 2 and 3 report results for male-and female-specific mortality rates.
Results
(1)
The results in Panel A in Table 1 show no significant impacts of healthcare inputs and policy indicators on total and sex-specific mortality rates. So, overall, health budget austerity measures had no impact on total mortality rates. Panels B to E present results for cause-and sex and cause-specific mortality rates. Limiting our comments to impacts significant at least at the 5% level, the general picture is again that changes in healthcare inputs and policy had no effect on cause-specific mortality rates; with two important exceptions, however. First, reductions in hospital personnel are responsible for significant increases in mortality due to circulatory problems. For the average drop of 0.2 staffing per 1000 inhabitants, Column 1 in Panel C shows an almost 1% (0.2 × 3%) increase in mortality, mainly driven by female rates (Column 3). 12 And second, reductions in the number of available beds significantly increased mortality due to external causes. Column 1 in Panel E shows that the average reduction of 0.2 beds per 1000 inhabitants in our sample from 2009 to 2015 increased the externalcause mortality rate about 3% (0.2 × 19%), mainly driven by male mortality rates (Column 2).
According to both national and international data, younger persons die disproportionately from external causes, while older individuals disproportionately die from cancer and heart disease [7, 12] . Table 6 in the "Appendix" additionally shows results for 10 decennial age-specific mortality rates and reveals that with the exception of 25-34-year-old mortality, negatively associated with hospital beds per 1000 inhabitants-like mortality rates from external causes-, and 55-64-year-old mortality, negatively associated with medical staff per 1000 inhabitants-like mortality rates from circulatory problems-, changes in healthcare inputs and policy had no significant impact on age-specific mortality rates.
In Table 7 in the "Appendix", we additionally assess the sensitivity of our findings in the previous section to a) different specifications of the model and b) alternative samples that exclude regions relying on private healthcare provision to a larger extent, and show that our results remain robust. We explore the robustness of the impact of changes in healthcare provision on mortality rates by specifying the dependent variables in levels, instead of using the semi-log specification (Columns 1-3 ) and excluding the region-specific trends from the controls (Columns 4-6) . The results of these exercises provide evidence that the estimated effect of healthcare provision on mortality is not an artefact of specification choice. We also show that our results remain virtually the same after dropping from the analysis the three autonomous communities with higher reliance in private provision of healthcare: Catalonia, Navarre, and Balearic Islands (Columns 7-9). 13 We can, therefore, conclude that 13 A break in the series in 2010 prevents us from replicating the analysis controlling for the proportion of hospital beds privately operated. 11 Robust standard errors clustered at the region level used. As noted by Cameron and Miller [74] , using few clusters may understate the standard errors. We additionally estimated results with simple White robust standard errors. Estimated standard errors were systematically lower than those reported in the tables and thus are not reported. 12 Research using more disaggregated data is needed to clarify this result.
the estimated effect of healthcare provision on mortality is not an artefact of sample choice either.
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Potential mechanisms
Thus far, we have seen that the changes in healthcare inputs and policies brought about by the financial crisis have mainly impacted mortality rates due to circulatory problems and external causes. In what follows we investigate whether the likely channels of these impacts are related to service quality or to healthcare accessibility. Following Evans and Kim [30] , Table 2 presents results for the impact of changes in healthcare provision on inhospital mortality rates, readmission rates, average length of stay, and post-infarction mortality rates, as indicators of service quality. If health budget cuts had an impact on quality, we would expect total and post-infarction in-hospital mortality and readmissions to increase, and average stays to decrease, as a result of reductions in healthcare workers and/or hospital beds. The available evidence in Table 2   Table 1 Impact of health care provision on total, sex-, cause-, and cause and sex-specific mortality. Source: Spanish NHS Statistical Site and Spanish Statistical Institute ***99%, **95%, *90% significance level. Each column in each panel comes from a different regression. The dependent variables are indicated in each panel. All specifications additionally control for regional unemployment rates, per capita gross domestic product levels, young and aged dependency rations, the share of the regional population who are immigrant, female, disabled, university educated, and aged 65 or over, a devolution indicator, a fiscal autonomy indicator, region fixed effects, year fixed effects, and region-specific trends suggests that quality reductions were probably not important. According to our estimates we cannot point to any significant impact of decreases in healthcare workers or hospital beds on any quality indicator in the direction stated. 15 Interestingly, however, the introduction of copayments led to an unanticipated increase in the average length of stay of about 4% (0.3 days). Chandra et al. [57] . find similar offset effects (increased hospital utilisation) in response to higher copayments for prescription drugs in California, the rationale being that patients that economise on drugs for chronic illness need to be hospitalised later.
Regarding healthcare accessibility, we lack data on waiting times or waiting lists to assess the impact of changes in healthcare provision on elective procedures, as in Nikolova et al. [32] . 16 However, we can evaluate whether changes in access to healthcare in emergency situations are driving our results by looking at mortality due to ischemic heart problems (such as acute myocardial infarction), cardiovascular problems (such as strokes), and accidental causes. Previous literature has identified distance to hospitals or hospital ward closures to impact mainly on mortality in accidents and myocardial infarctions [33, 34, 58] . We would, therefore, expect the short-term impact of reductions in healthcare provision on mortality to be larger in emergency situations such as heart or cerebral infarctions and accidents.
Columns 1-3 in Panel A of Table 3 show estimation results of our main specification for mortality rates from three mutually exclusive and exhaustive categories of circulatory problems 17 : ischemic disease, cerebrovascular disease, and other circulatory diseases and reveal that the estimated impact of reductions of hospital personnel on mortality from circulatory problems is driven by cerebral strokes rather than heart infarctions or other circulatory problems. In particular, the average drop of 0.2 medical staffing per 1000 inhabitants is associated with a 1% increase in the number of deaths due to due to cerebrovascular disease.
Columns 4 and 5 in Panel A of Table 3 show corresponding estimation results for accidental and non-accidental deaths, the two mutually exclusive and exhaustive categories of death from external causes. 18 Results show that the estimated impact of changes in the availability of hospital beds on mortality from external causes is driven by accidental rather than non-accidental deaths. While the average decrease of 0.2 hospital beds per 1000 inhabitants increases the fatality rate due to accidents by almost 5%, it does not Table 2 Potential mechanisms: service quality. Source: Spanish NHS Statistical Site and Spanish Statistical Institute ***99%, **95%, *90% significance level. Each column comes from a different regression. The dependent variables are indicated in each column. All specifications additionally control for regional unemployment rates, per capita gross domestic product levels, young and aged dependency rations, the share of the regional population who are immigrant, female, disabled, university educated, and aged 65 or over, a devolution indicator, a fiscal autonomy indicator, region fixed effects, year fixed effects, and region-specific trends 15 If anything, we find that medical personnel cuts led to slightly longer, not shorter, lengths of stay. 16 The Spanish Ministry of Health stopped inquiring about waiting lists in 2009. Using a different methodology, it has started offering waiting lists for first visits and elective surgery interventions disaggregated by region since 2012. 17 Ischemic heart diseases include (ICD-10 code in parenthesis): angina pectoris (I20), acute myocardial infarction (I21), subsequent myocardial infarction (I22), complications following acute myocardial infarction (I23), other acute ischemic diseases (I24), and chronic ischemic heart diseases (I25). Cerebrovascular diseases include subarachnoid, intracerebral and other non-traumatic intracranial haemorrhage (I60-63), cerebral infarction and stroke (I64-I65), occlusion and stenosis of precerebral and cerebral arteries (I66-I67), and other cerebrovascular diseases (I67-I69). Other circulatory diseases include: acute rheumatic fever (I00-I02), chronic rheumatic heart diseases (I05-I09), hypertensive diseases (I10-I15), pulmonary heart disease (I26-I28), other forms of heart disease (I30-I52), diseases of arteries, arterioles and capillaries (I70-I79), other diseases of veins and unspecified disorders of the circulatory system (I80-I99). The use of broad categories of death causes minimises risks of misclassification (see note 5 above). 18 Accidental causes include (ICD-10 code in parenthesis): transport accidents (V00-V99), burns (X00-X19), poisoning (X40-X49), falls (W00-W19) and drowning (W65-W84) and other accidents (W19-W64, W85-W99, X19-X40, X49-X59). Non-accidental causes include: suicide(X60-X84), homicide (X85-Y09), and other external causes (Y10-Y89). The use of broad categories of death causes minimises risks of misclassification (see note 5 above).
display a significant impact on fatalities due to other external causes. 19 Panel B of Table 3 additionally reveals that the results in Panel A are robust to using different healthcare provision indicators: the number of working operating rooms per 100,000 inhabitants and the average number of hospitals in the province. Interestingly, mortality from cerebrovascular diseases responds to the number of working operating rooms, an indicator arguably related to personnel availability, and accidental deaths respond to the number of available hospitals, an indicator arguably related to distance to the nearest service provider. Consistent with previous evidence from Buchmueller et al. [33] . and Bertoli and Grembi [34] , this result emphasises the role of hospital proximity in emergency situations.
Conclusion
Given that healthcare is a potential determinant of individuals' health status, knowing the extent to which health resources affect health is crucial for assessing the adequacy of additional investments in healthcare provision.
We provide causal evidence on the short-term impact of changes in the provision of healthcare on health outcomes by applying a fixed effects model to Spanish data spanning from 1996 to 2015. We find that reduced healthcare provision accounts for a significant increase in mortality rates due to circulatory problems and external causes. The size of the impact is, however, small. In particular, staff reductions of 0.2 doctors per 1000 inhabitants (the average in our sample from 2009 to 2013) are associated with increases in the circulatory problems mortality rate of about 0.6%, and reductions of 0.2 beds per 1000 inhabitants (average in our sample) correspond to an external-cause mortality rate increase of almost 4%. Table 3 Potential mechanisms: healthcare accessibility. Source: Spanish NHS Statistical Site, Spanish Statistical Institute, and Spanish National Catalogue of Hospitals ***99%, **95%, *90% significance level. Each column in each panel comes from a different regression. The dependent variables are indicated in each column. All specifications additionally control for regional unemployment rates, per capita gross domestic product levels, young and aged dependency rations, the share of the regional population who are immigrant, female, disabled, university educated, and aged 65 or over, a devolution indicator, a fiscal autonomy indicator, region fixed effects, year fixed effects, and region-specific trends These results prove robust to changes in model specification and after accounting for different trends towards privatisation of healthcare in Spanish regions. Neither the introduction of retirees' pharmaceutical copayment nor the implementation of immigrants' access restrictions have had any robust impact on cause-or cause and sex-specific mortality rates. We also show that while neither in-hospital mortality rates nor readmission rates were affected by health provision cuts, our results for mortality from circulatory problems are driven by cerebral infarctions, and our results for deaths from external causes are driven by accidents deaths, pointing at accessibility rather than service quality as the likely channel through which cuts in healthcare services have impacted health outcomes. We also unveil a significant increase in average length of hospital stays of about 4% due to the introduction of the pharmaceutical copayment. All in all, our results suggest that reduced accessibility to healthcare, probably due to hospital and hospital ward closures, rather than diminished in-hospital quality of care, must have been behind worsening health outcomes.
Taken together, our analyses suggest that short-term impacts of decreases in healthcare provision on mortality are significant but small. Our results, however, can be considered conservative estimates for at least two reasons. First, if sicker patients require more intensive care and public hospitals increase resources accordingly, given that we cannot control for patient severity across regions, the estimated relationship between healthcare inputs and outputs will be biased downwards (see for instance [59] ). Second, even if we control for population composition, patient migration might also diminish the estimated impact, as long as sicker patients move to better provided regions [60, 61] .
This study has several limitations. First, we have only used mortality measures as health outcomes, and analysing the effects of changes in healthcare provision and regulations on other health measures, such as self-perceived health, life expectancy or specific morbidity rates, could yield different results.
Second, the fact that we use aggregated instead of individual data prevents us from analysing any impact by socio-economic status. The Spanish Statistical Institute has recently started providing information on the educational level of deceased individuals. Studying heterogeneous impacts of healthcare provision by education groups is left for future research.
Third, our empirical strategy assumes away other public health reforms that affect all regions simultaneously, such as the 2005 Anti-Tobacco Law, and its 2010 extension. We acknowledge however that the validity of our results rests on assuming that these reforms had similar impacts across all regions.
Fourth, we measure healthcare provision quantitatively by means of hospital beds and healthcare workers, but we do not inquire about how efficiently or effectively these resources are employed. Future work could further examine whether shortages in healthcare provision can be compensated by better management of resources. ***99%, **95%, *90% significance level. Each column in each panel comes from a different regression. The dependent variables are indicated in each panel. All specifications additionally control for regional unemployment rates, per capita gross domestic product levels, young and aged dependency rations, the share of the regional population who are immigrant, female, disabled, university educated, and aged 65 or over, a devolution indicator, a fiscal autonomy indicator, region fixed effects, year fixed effects, and regions specific trends
